Chalmers University of Technology
Department of Signals and Systems

ESS101 Modelling and simulation
Closed book and notes exam?
Examination date January 13, 2014

Time: 14.00-18.00
Teacher: Paolo Falcone,
TA: Maliheh Sadeghi Kani, 772 3893

Allowed material during the exam: Mathematics Handbook and small calcu-
lator (not a PC).

The exam consists of 4 exercises with a total of 25 points. iNahgrading is

according to 12/17/21 points. You need 12 points to passxamavith grade 3,

17 points to pass with grade 4 and 21 to pass with grade 5.i&aduind answers
should be written in English, unambiguous and well motigataut preferably

short and concise.

Exam review date will be posted on the course homepage.

1Textbook, personal notes and printouts of the course stidasot allowed.



Exercise 1 (10 p)

Consider the following bond graph,

o l:a, Ry,
/
Se \S >~ \S \p

C: B < S Ry, C: B,
(&) Mark the causality. (1p)
(b) Derive a state space model. (3p)

(c) Sketch an electrical system corresponding to the bond grbpve. (3p)

(d) Sketch a mechanical system corresponding to the bond glbappiea (3p)

Exercise 2 (5p)

Assume the system
y(t) = —=0.5y(t — 1) + u(t) + e(t),

wheree(t) ~ N(0, 1), is generating the input-output data in a system identifica-
tion experiment.

Choose a model parametrization and, by assumingthat+ oo, i.e., the number

of data samples tends to infinity amngdt) ~ N(0,2), estimate the parameters of
the chosen parametrization through the least squares théhefly comment the
choice of the parametrization and the results you obtained.



Exercise 3 5 p)

We want to simulate the system

#(t) = l T } (t) + [ X } u(t),
with a step sizér = 1.

(a) What is the simplest simulation method you would use, guasng nume-
rical stability? (2p)

(b) Write a generic iteration (i.ex; = f(xx_1)) of the Forward and Backward
Euler methods for the above system. (3p)

Exercise 4 (5p)

Mark with True or False the following statements and prowaderief explana-
tion for the False ones.

1. Implicit integration methods have, in general, highempatational com-
plexity and larger stability regions. 1p)

True | | False [ |

2. In a set of identification experiments, the variance ofgtémated parame-
ters increases with the size of the data set. (1p)

True| | False | |



3. The predictor calculates the value of the output, basqat@rnous samples

of input, output and noise. (1p)
True | | False ||

4. The DAE
has index 1. (1p)
True | | False [ |

5. The prediction error method minimizes the variance ofpifegliction error.
(1p)

True| | False | |



